Aim To evaluate ocular surface molecules after transconjunctival pars plana vitrectomy (PPV). Methods A total of 28 eyes of 28 patients who received PPV were examined. Tears (10 ml) were collected before and after 20-gauge PPV or 23-gauge PPV. The concentrations of interleukin (IL)-1b, IL-6, IL-8, IL-10, IL-12p70 and tumour necrosis factor (TNF)-a were measured. The concentrations of each cytokine before and after surgery were compared. The change ratios of each cytokine (post-/presurgery) between 20-gauge and 23-gauge PPV were compared. Results IL-1b, IL-6, IL-8 increased after PPV (Wilcoxon rank sum test; IL-1 b, p¼0.009; IL-6, p<0.001; IL-8, p<0.001), while the other cytokines did not. Among them, only IL-8 increased significantly in 20-gauge PPV than in 23-gauge PPV (p¼0.01, ManneWhitney U test). Multivariate analysis showed that 20-gauge PPV was a significant factor behind the increase in postoperative IL-8 (OR 5.21, 95% CI (1.46 to 18.55), p¼0.018), but surgical time and simultaneous cataract surgery were not significant factors. Conclusions The increase in inflammatory cytokine IL-8 in tear was significantly less after 23-gauge PPV than 20-gauge PPV, indicating that transconjunctival PPV is less invasive from the viewpoint of the ocular surface molecular biology. This information may be important when deciding the method of PPV.
INTRODUCTION
The use of small-gauge transconjunctival vitrectomy has increased since its first introduction, and several benefits of this new system have been emphasised. 1e9 One benefit is a reduction in the time required for surgery because sclera and conjunctiva do not have to be opened and closed separately, although there is some discussion regarding overall surgical time.
5e8 This subsequently minimises surgically induced trauma and discomfort otherwise caused by manipulation and possible reactions. Indeed, a more comfortable experience with the ocular surface after small-incision transconjunctival sutureless vitrectomy is achieved during the first week after surgery in comparison with 20-gauge standard vitrectomy. 7e9 Because the surgical results and complications of small-incision vitrectomy are comparable with those of standard 20-gauge vitrectomy, the lack of discomfort after surgery may be of merit for patients.
So far, the evaluation of comfort after transconjunctival vitrectomy has been done by questionnaire or interview. 5e9 Although the questionnaire is superior for coding, quantifying and interpreting the results, it is not suitable for gathering information with depth and detail. At the same time, the sensory evaluation is dependent upon the respondent and is strongly influenced by the interviewer. This is an inevitable problem of a questionnaire or interview methodology. Therefore, a more objective methodology is necessary to reduce discomfort after surgery. Recently, we reported that the multicytokine assay system enables us to measure cytokine from a minimal amount of tear, which reflects the ocular surface condition. 10 11 More importantly, it is not influenced by subjective feelings. The aim of this study was to clarify the relationship between postoperative conjunctival inflammation and vitrectomy-induced chemokines in both vitrectomy techniques.
In this study, we measured the amounts of several different inflammatory molecules of tear before and after surgery, and found that pro-inflammatory cytokine IL-8 exclusively increased more significantly in 20-gauge vitrectomy than in 23-gauge vitrectomy. To our knowledge, there are no reports on the ocular surface molecule after vitrectomy, and this is the first study to show the superiority of transconjunctival vitrectomy from the viewpoint of the molecular biological mechanism and provides important information to assist surgeons when deciding on the vitrectomy method to be used for patients.
METHODS
The study was carried out with the approval of the institutional review board, and was performed in accordance with the ethical standards laid down by the 1989 Declaration of Helsinki. After checking that each eye was free from ocular surface diseases using slit-lamp microscopy, the experimental nature of this study was explained to the participants. Those who understood it were enrolled in the study. All of the participants gave written informed consent to take part in this study. One eye of each patient was used in the following study.
COLLECTION OF TEARS
Tear samples were obtained by capillary flow, with no nasal stimulation or previous instillation of drugs or vital dyes. 10 11 To avoid diurnal variations in tear cytokine, tear samples were collected around noon. 10 No anaesthetic drops were instilled. The samples were collected non-traumatically from the inferior meniscus. The collected tears were frozen at e808C immediately and stocked until measurement. Samples collected the day before surgery were used as presurgical samples, and those collected 4e6 days after surgery were used as postsurgical samples.
Measuring cytokines
The amounts of six inflammatory molecules, interleukin (IL)-1b, IL-6, IL-8, IL-10, IL-12p70 and tumour necrosis factor (TNF)-a were measured using a cytometric bead array (BD Biosciences, San Diego, California), as in our previously described method. 10 11 Data were acquired and analysed using BD cytometric bead array software.
Surgical procedures
All patients underwent a standardised surgical procedure as follows. Transconjunctial pars plana vitrectomy (PPV) system (23-gauge PPV group, n¼15). We used a 23-gauge vitrectomy system (Alcon Acuras, Fort Worth, Tx) as described previously. 2 3 8 Three 23-gauge cannulas were inserted obliquely and transconjunctively into the eye by means of a trocar. A central core vitrectomy was performed, and detachment of the posterior hyaloid was induced. Removal of preretinal membrane, endophotocoagulation and/or a fluideSF 6 gas tamponade were performed when needed. Standard phecoemulsification and intraocular lens implant were performed when needed. Surgery was completed by removing the entry site alignment cannulas without suturing the conjunctiva and sclera. When apparent leakage was observed from the wound, it was closed by a suturing with 8/0 braded silk (Mani, Tochigi, Japan). Standard PPV (20-gauge PPV group, n¼12): a standard PPV was performed as described previously. 12 Conjunctival incision was performed, and then 20-gauge sclerotomies were applied. The following procedures were almost the same as the 23-gauge PPV mentioned above. After surgery, the sclerotomies sites were closed with 8/0 vicryl absorbable sutures (Mani). The conjunctiva was closed with 8/0 braded silk as in 23-gauge PPV. In both groups, postoperative treatment consisted of a fixed-dose combination of 0.1% betamethasone and 0.5% levofloxacin eye-drops (Santen Pharmaceutical Co, Osaka, Japan) applied topically four times a day for 1 week.
Main outcome measures and statistics
The primary goal of the study was to evaluate the effects of 23-gauge PPV and 20-gauge PPVon molecular profile after surgery. First, the concentrations of each molecule before and after surgery were compared using the Wilcoxon rank sum test. As in our previous reports, the baseline concentrations of cytokine and chemokine vary in each eye regardless of serum cytokine. 10 11 Therefore, the change in each cytokine was also expressed as a change ratio (concentration at postsurgery/concentration at presurgery). The molecule, which was found to be significantly different between 20-gauge PPV and 23-gauge PPV, was further analysed to detect the affecting factors as follows. The following potential factors were hypothesised to affect the results: size of the number of sutures, conjunctival incision, surgical time, presence of diabetes, simultaneous cataract surgery and 23-gauge PPV. Each factor was treated as a categorical variable. An eye with the number of conjunctival sutures that was equal to or more than the median was categorised into the sutured group. The others were categorised into the suture-less group. An eye with a conjunctival incision length that was equal to or longer than the median was categorised into the large incision group, and the others were categorised into the small incision group. In terms of surgical time, an eye that received surgery requiring an equal amount of time or a longer time to complete than the median was categorised into the longer surgical time group, and the others were categorised into the shorter time group. The presence of diabetes was determined by medical history or HbA1c. Each eye was coded either 1 (for the presence) or 0 (for the absence) for the variable. Age was used as a continuous variable, and the other factors were treated as categorical variables.
Before the multivariate analysis, a subgroup analysis for each variable was carried out using the unpaired Student t test. When a variable was found to be statistically significant, it was further subjected to a multivariate analysis. We estimated the multiple-adjusted ORs and the 95% CIs for the change in selected cytokine concentration and the other variables using the multivariate analysis. The multivariate analysis used was a multiple regression analysis. Each value was derived from a logarithmic transformed IL-8 increase because of its scattered distribution. ORs and 95% CIs were evaluated by reindex translation. Statistical analyses were performed using SAS (Proprietary Software Release 8.2, SAS Institute, Cary, North Carolina) and JMP (Version 7.01, SAS Institute). p Values <0.05 were considered statistically significant.
RESULTS

Backgrounds of patients
Age, gender, disease, side of the eye or simultaneous cataract surgery was not significantly different between 20-gauge and 23-gauge groups (table 1). The time for surgery ranged from 34 to 177 min with a median of 75 min in total group of patients, ranging from 35 to 177 min with median of 90 min in the 20-gauge PPV group, ranging from 34 to 120 min with a median of 52 min in the 23-gauge PPV group. There was a significant difference between the two groups (ManneWhitney U test, p¼0.018). The length of incision was from 0 to 33 mm with a median of 16.5 mm in total, 16.5 to 33 mm with a median of 25 mm in the 20-gauge PPV group and from 0 to 33 mm with a median of 8 mm in the 23-gauge PPV group. There was a significant difference between the two groups (ManneWhitney U test, p<0.001). The number of sutures was 0 to 5 with a median of 4 in total, 4 to 5 with a median of 4 in 20 gauge PPV group and 0 to 3 with a median of 0 in the 23-gauge PPV group. There was a significant difference between the two groups (ManneWhitney U test, p<0.001).
Cytokine levels
The concentration of IL-1b, IL-6 and IL-8 increased more significantly after surgery than baseline (IL-1b, p¼0.009; IL-6, p<0.001; IL-8, p<0.001; IL-10, p¼0.570; IL-12p70, p¼0.253; TNF-a, p¼0.375, Wilcoxon rank sum test; figure 1A) . Each case was expressed also by change ratio (figure 1B). Of note is that IL-10, IL-12p70 and TNF-a did not show any significant change after surgery. Upon comparing the results of the 20-gauge group and 23-gauge group, only IL-8 showed significance regarding the change ratio after surgery (p¼0.01, ManneWhitney U test; figure 2 ). There were no significant differences in other cytokines or chomokines (IL-1b, p¼0.305; IL-6, p¼0.13; IL-10, p¼0.433; IL-12p70, p¼1.0; TNF-a, p¼0.86).
Factors affected IL-8 increase after PPV
Next, to detect the factors that affected IL-8 change, a subgroup analysis was performed. As a result, eyes with a large conjunctival incision, with many sutures, with a longer surgical time or with 20-gauge PPV had a significant relation to change in IL-8 after surgery. Age, gender and diabetes did not have any significant influence (table 2) . Although, cataract surgery was not a significant factor, it can be assumed that simultaneous surgery might have affected wound healing after surgery. Hence, cataract surgery was involved in the following multivariate analysis. Besides, an analysis of the estimated values of assumed parameters showed that the 20-gauge PPV was exactly the same as the length of conjunctival incision or the number of sutures (table 2), and they were excluded from the multivariate analysis.
Multivariate analysis was performed with variables of 20-gauge PPV (large conjunctival incision or more sutures), surgical time and cataract surgery. As a result, 20-gauge PPV was found to be a significant factor increasing IL-8 (p¼0.018; table 3). Neither simultaneous cataract surgery nor surgical time was a significant factor increasing IL-8.
DISCUSSION
The recovery process of the ocular surface after PPV is the wound-healing process of the ocular surface, which is similar to cutaneous wound-healing associating with complex, multiple orchestrated-processes. Since neutrophils are highly abundant blood-cell populations in the circulation, a significant number of neutrophils are collected passively at the site of a wound with a blood clot as a result of blood-vessel disruption or surgical incision. 13 Neutrophil recruitment is an initial event followed by macrophage invasion, which is a strong source of cytokines and chemokines. In particular, in the human wound-healing process, inflammatory cells expressing chemokines such as IL-8 were restricted to the wound edge.
14 Although this report related to the cutaneous wound-healing process, it is likely that similar processes occur in the conjunctival wound-healing process after PPV. Therefore, it is reasonable for the amounts of tear cytokines and chemokines to increase in the early phase after PPV.
Of note is that the 20-gauge PPV group showed the significant increase only for IL-8, but not IL-1b, IL-6 or TNF-a in comparison with the 23-gauge PPV group. If the increase in cytokines or chemokines reflected just the result of the wound-healing process, it cannot explain why only IL-8 showed a significant difference with the two surgical methods, because the eyes belonging to the 20-gauge PPV group were exactly the same as those of the large conjunctival incision group in this study. The larger the size of wound is, the greater should be the amounts of cytokines and chemokines accumulating at the edge of the wound. We do not have any specific answer to account for this phenomenon, but it can be speculated from the previous studies. First, IL-8 has a unique expression pattern responsive to mechanical stress. Recently, mechanical stress has become known to induce expression of bioactive molecules in various organs and cells.
15e18 These cells were reported to produce IL-1b, IL-6, IL-8 and TNF-a through several different pathways. Ricard et al showed that IL-1b, TNF-a and macrophage inflammatory protein (MIP)-2, equivalent to IL-8 in human, were produced under strong mechanical stress in rats; however, MIP-2 was exclusively produced under a mild or moderate mechanical stress, but not IL-1b or TNF-a. 18 During the procedures of 20-gauge PPV, the conjunctival flap produced by the large Figure 1 Tear cytokine change before and after pars plana vitrectomy. The concentration of interleukin (IL)-1b, IL-6 and IL-8 increased more significantly (*) after surgery than baseline (Wilcoxon rank sum test: IL-1b, p¼0.009; IL-6, p<0.001; IL-8, p<0.001; IL-10, p¼0.570; IL-12p70, p¼0.253; tumour necrosis factor (TNF)-a; p¼0.375). (A) The baseline concentration (presurgery) differed greatly depending upon each case. Therefore, each case was expressed also by the change ratio (B). Of note is IL-10, IL-12p70 and TNF-a did not show any significant change after surgery. conjunctival incision is apparently exposed to mechanical stress intentionally or unintentionallydfor example, folding/unfolding, being stretched and being compressed in scleral indentation. These manoeuvres are not common in 23-gauge PPV. Therefore, IL-8 might have been produced exclusively by mechanical stress during the manoeuvre of 20-gauge PPV. However, the mechanical stress itself would not be strong enough, and it would be likely to cause significant effects together with cellular reactions of wound-healing for a large incision and the sutures. So far, there have been no reports on the effects of mechanical stress on the expression of chemical mediator by conjunctiva. Further study is necessary to prove this hypothesis. There are clear limitations in this study. First is the non-randomised nature of sampling. Second, the number of samples might be small to obtain a general conclusion. When sampling tears, moderate patience is required for the patients. Because this study was not therapeutic but rather experimental, the sampling numbers were decided to be as small as possible for ethical reasons advised by the review board. Additionally, the relation between the severities of vitreous diseases and tear cytokine levels were not studied. Since higher numbers of eyes are necessary to answer this question, another study is being planned. It should be stressed that the care must be taken to interpret the present results. It is easily speculated that the conjunctival suture might be the major cause of discomfort after vitrectomy. At the same time, a large conjunctival wound would be a cause of discomfort as well. Indeed, in this study, the eyes with many conjunctival sutures were exactly the same as those with a large incision, and both of them are clearly associated with 20-gauge PPV. One may misunderstand that the suture is not the cause of discomfort after 20-gauge PPV, but IL-8 is. On the contrary, one should discern that conjunctival sutures, a large incision, mechanical stretch and other factors are the characteristics of 20-gauge PPV, and all of these caused the increase in IL-8 in tears.
The relation between sense of discomfort/irritation and cytokine has been studied for skin, respiratory organ and ocular surface.
19e21 In these reports, increases of proinflammatory cytokines are often associated with these symptoms. For example, IL-8 is induced in irritated skin. 22 Cytokines themselves may not solely induce the sense of discomfort or irritation, but associated events, such as oedema and cell infiltration, are likely to induce these symptoms. Although the patients who received 20-gauge PPV had a tendency to complain of strong discomfort in comparison with those who received 23-gauge PPV (data not shown), the objective evaluation of each patient was not performed in this study. This is another limitation to interpret the present data, which may suggest the relation between IL-8 and ocular surface discomfort.
To our knowledge, this is the first report to show the merits of transconjunctival PPV from molecular biological evidence. Therefore, transconjunctival PPV is strongly recommended for eyes with dry eye syndrome, vernal conjunctivitis or Sjögren syndrome, because IL-8 is a deteriorating factor in these diseases. The present information is important not only to better understand the molecular mechanism but also to decide on a suitable method of PPV for each patient. 
